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INTRODUCTION

Aquaculture has the potential of suppling a substantial portion of
Guam's consumption of fishery products, which is almost exclusively im-
ported to the island at present. Some of the worlds countries obtafn
20 to 40 percent of their aquatic food oroducts through aquaculture, fn—
cluding Indonesia, India, and China; wnile in the United States an esti-
mated 2 percent of fishery products consumed {mainly oysters, catfish, and
trout) are oroduced by aauaculture (Corbin, 1976). In addition to the on-
island market; aquacultyre is an industry that can produce an export nro-
duct. Together, these features give aguaculture an important potential
role in Guam's economy.

A properly managed; vertica?fy integrated aquaculture system covers
the whole spectrum of the production of aquatic snecies from énergy input
to the marketing of the product (i.e., hatchery oneration, grow-out phase,
ﬁaﬁ&%gcture of feeds, processing, and marketfng of the product). The ex-
pansion of aquaculture into a large capital generating enterprise encom-
passes a?numbermofAmanagéria1.prob]ems that must be overcome to be success-
ful. The major areas of concern are species for culture, biological .tech-
nology, engineering technology, site location, feed, manpower, marketing,
as well as legal, institutional, and financial considerations. Such systems °
are being developed in the United States, especially in the cu1ture of the
channel catfish.

The development of aquaculture facilities, both marine and freshwater,v
requires a well thought out islandwide plan, that will take into considera-

tion its positive as well as negative aspects in regards to the economy and



environment. Guidelines must be placed on the development not to hinder,
but to restrict abusive use of the island's natural resources. These
guidelines will have to be part of a comprehensive plan and enforced by

the involved governmental agencies.



LAND RESOURCES

Aquaculture development should be 1imfted_to the central ahd_soﬁthern
area of Guam, since the use of water from the lens system which is the main
source of potable water for Guam would possibly put an excess demand on this
finite water suppiy. In addition, the majorgbart of the northern area consists
of Timestone which would be unsuitable for pondagés due to its_permeab11ity.'
Plastic-lined or concrete tanks would be réquired. Full explotation of
southern sites should be the priority.

Criteria for Tand to be used for aquaculture ponds are as Fo11ows: The
soil should be of character to retajn water, preferab]yvhaving a minimum of
25% clay. Fertile soil is prefered, but marginal soil can be used through the
addition of férti]izers and 1ime. The area should be free of flooding or cor-
rective means can be made without excessive investment.. The soil should be free
of pollution that might endanger cultured species. Prior knowledge of the land
use would be informative to the type of pesticides or chemicals used. The con-
tour distance should be greater than or equal to 100 ft. (30.9 m)} for every
10 ft. (3.1 m) horizontal rise (slope maximum 10%). The size of the ponds be-
comes smaller as the contour interval approaches 100 ft.; beyond this, pond con-
struction of small ponds becomes too costly. The Tand to be useable must be
accessible by vehicle year round. This is a requirement for proper'managemenf.
The area must have suitable topogréphy so as to allow the complete drainage of
ponds.

An estimated total land area suitable and avéi]ab1e (no permanent structures)
for aguaculture on Guam is 3652 ha. This estimation is based on the soil type
and terrain. Figure 1 shows the delineated areas and Table 1 showé the quantity

of area within each site. The preferable soils are Pagc and Inarajan clays.. Of



the two clays under the soil type number 6, the Agat clay is not suitable for
ponds, mainly due to its excessive slope. The Atate clay (#6) is marginally
acceptable. It depends on the depth at which the C horizon is Tocated. There.

are ponds constructed on this soil type. The total estimated suitable land area
does not indicate the potential developable land, since each site must be cbnsider-
ed seperately with referral to the type and quantity of water supply available.
This will then determine how much of a given site can be developed. Naturally,
conflicts with other uses of the land (e.g., agriculture, housing development) will
further limit the development.

A11 aquaculture practices within the marine envifonment are considered to be
in navigable waters and thus requireﬁ'a permit from the Army Corps of Enginecers.
Aquaculture sites for the chture of marine organisms -are limited to areas that
afford a reasonable degree of protection from surf, and storm damage. The major
sites that afford such protection are Apra Harbor between the drydocks and-Polaris‘
Point (Sasa'Bay) and Cocos Lagoon primarly in the area around Achang Bay (possib1é¢
siganid culture in sea grass.beds). The Inner Habor of Apfa Harbor and the salt
water pond adjacent to San Luis Point have suitable sites, but are restricted due
to Naval operations. In addition, the Piti Channel area has suitable physical
features; however, the possibility of toxic effluents from thé nearby power plants
have to be concidered. Small protected bays along the southeést coast of Guém
(e.g., Pauliluc Bay, Agfayan Bay) can be utilized for small scé1e culture bper-
ations. The use of large areas of reef flats around Guam wbu]d be i]]Qadvised
due to the environmental impact such operations would have and the very limited
degree of managebility of such sites without major construction and alteration
of the reef flat areas. However, the impoundments on the reef flat created by
the construction of the sewage disposal plant in Agana could be technically

utilized for aquaculture.



6l 6L . 6l

le -le ‘8l
¢ Z T Al
741 ell ‘g1
89 9Cl Gl
- € 5 L
0% 0y 92 9¢ el
Le Le 251 A 7l
6¢€ 94 1 . 1 Ll
/ L 06 06 ¥ % ‘0l
b é 62 6¢ 9¢ 341 0 Lt : ‘6
0 Gl N7 12 0 €9 0 9¢ )
¢ 8 0 Vs 9§ 9g 0 e 0 01 4
{ 6¢ el ¢l L 9¢ 0¢ 6Ll 0 0¢ )
7 1% _ 00l Gdl 37 68 0l 0¢ 0 0¢ g
0 1% . At 91 JAS) 621 4 £ 0 VA v
0 Z€ 0l 01 0 09 ¥ 1% g¢ 6L Y
22 G¢ St 06 0 A 0L tL 0 f e
JAT2 £aL ¢l §d gl 0b 0€l 291 0 91 St Sf 1
, v o weny 1s2K
15194 €6/ 8 8 "l
: ueny 1sej
91qejieAy |e30)] ©O[gelleAy |®i0} d|qgelLeAYy |e30] @[qQRLLRAY [e30}1- dlqefleay [p30] olqgelieAay {el10]
. S3URLIY S9J4R 08} 5948108} $348109Y EERURRETIE _ S$9J4P309H
SNy Aein ueledeur Aei9 obed Aein qeby-azery  Aein uedieg-vyowy) Aeio 0301
LL# v 0l# 6# 9# : C# 2k :
v _ _ . sadA] |10S _ uoL10eg doy

‘aanynoenby U0} 91QeILNg eady puel "L 9|qe)



a8l 89¢ G8¢ 998 Ay 610°L 6GL°1L 1£2°2 €L¢ $00° 1L €5 £S5 (erog

S g ‘91

Le Le o1

g G 6¢ 6¢ 71

8 8 ol oL 621 19t €l
65 65 £ £ 9¢ 9¢ 71

Z 2 S g 6.5 645 1L

q b 582 53z g S 0L
(s 49 25 25 sl 5l ‘6
€2 £z b2 vz £ £y g
2 2 9 9 g¢ ¢ L
6 6 /L L1 L [ ‘9
201 Gyl 0 b2 9 9 g
£ ¢ £ € 9t 2¢ b
gL G £l 92 0z 0z ¢
b @ £ € Gz G2 2
£ € 0 2€ ¢ 7 69 98 "
e

ng yinos



WATER RESOURCES

Aquaculture is dependent_on an adequate aquantity and auality of water.
The latter can be influenced by the use of pesticides or other chemical
agents, sewage and other pollutants from the adjacent land. In the case
of marine aquaculture it is also susceptable to oil spills. Possible de1;
eterious effects of toxins or po]TQtants on cultured organisms are mortality,
injury, interference with growth or other vital functioné, concentration
in the organisms to such an extent as to render them unfit for human con-
sumption or making them unpa1atéb1e. Orgénisms under intensive aquacuiture
practices are often under physiological stress due to artificial diets
being incomplete in nutritional needs, and unnatura1.crowded living condi-
tions that possibly cause hormonal or other biochemicé] imbalance. There-
fore, they are rather susceptable and vulnerable to further deterioration -
of water quality, often more so than organisms in the wild.

The average daily quantity of water that needs to be added to a pond
to maintain the water level is 1.3% of the total volume. This is the water
lost due to evaporation and seepage. Some water is gained through rainfall,
but there is an average net lost of 34,000 gal/day/ha of pondage. Thus,
this requires a minimum continuous water flow of 23.6 gal/min/ha. This
figure is based on the actual operation of the Division of Aquatic and
- Wildlife ResOyrces§ ponds at Talofofo during 1974 tb 1975, During this
period, precipitation éveraged 0.275 in/day and evapdration averaged
0.200 in/day. During periods of drought a larger volume flow w111 be
required. Likewise, during periods of excessive rainfall, less volume

will be required.



A large-scale development of pondage would necessitate the constructiéh
of a dam to assure an adequate flow of water during the dry season and to
allow the full potential of the area to be developed. For the cénstruction
of a dam, a permit from the Army Corps of Engineers is required for rivers
having an average annual flow of 5 cu. ft/sec or areater. A permit is also
required from the Guam Environmental Protection Agency for the construction.
of any obstruction of a waterway. The construction of government-funded
dams {e.g., proposed Ugum River Dam) should be encouraged so as to allow
the fuller utilization of the island's water resources. Aquacultufe viould
be greatly benefited by such conservation measures of the 1slaﬁd's water
supply. If no dam is to be constructed at the pondage sité the maximum
area that can be developed should be based on the minimum flow months of
the year (Table 2&3. Following this procedure would greatly feduce the
area that cou]d be supported by the water supply. Drainagé and filling of
ponds should be coordinated to best utilize the water supply. Tables?2 &3
gives the maximum area that can be developed using the average flow over
a number of years for a given river system that has been monitored by the
U.S. Geological Survey personnel. The criteria for this area of develop-
ment is thebdamming of the river wﬁth the option of 25, 50, or 75% of the
average flow being utilized for pondages. In areas with the.river systems
flow rate not being monitored, an estimated average discharge for one square-
mile of drainage area on Guam is 2 million gallons per day (personal com-
munication, Chuck Huxel).

The use of wells and springs can serve as a main or supplemental water
supply in the southern areas. Thorough aeration is generally required of

well water before use in the ponds. This type of water supply has the
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advantages of a-relatively stable quality, free of pollutants, and free

of unwanted aguatic species.

10
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SPECIES APPLICABLE FOR CULTURE ON GUAM

Guam affords an ideal climate for the cu]tﬁre of warm water spacies.
Year vound warm temperatures allow growth to be at its maximum rate with
subsequent high yields. For species to be of value to culture on Guam,
there would have to be an existing deménd or a potential demand located on
Guam or within an economical shipping radius (whicﬁ would have to be defined
for each species). The majority of cultured species will be exotic (intro-
duced species) to Guam. It is highly preferable to use species of which
}the complete 1ife cycle can be controlled. Species of subtropical and trop-
ical ovrgin are most suited for Guam's climate. Temperate species will often
be at the{r upper limit of temperature tolerance and unsuitable for econ-
omic culture due to raised metabolism, thus reducing the food conversion
ratio. |

In determining which species are suitable for aquaculture, both fresh
and marine,-tﬁe basic criteria is economic feasibility. All other factors,
biological, technological, environmental, management, and market demand con-
tribute to determining the economic success of a‘species;

Aquaculture on Guam inevitably will be limited to a few species that
are proven to be most profitable to culture. The limited resourceé avail-
abTe (land and water)on Guam deters diversification of cultured species due
to the economics involved in large scale culture, namely Tabor costs, opti-
mumdesign for containment of a species (including a hatchery), processing
costs, and market estab1ishment.

Aquaculture can be divided into the raising of aquatic organisms caught
from the wild, which would be called fish farming, and a sécdnd catagory, |

fish culture, which would be the raising of aquatic organisms through their



12 .

entire 1ife cycle in captivity. Aquaculture practises inyo]Ving Tow stock;
ing {from wild stock), low capital investment, no or minimal control of the
aquatic environment, no supplemental feeding, little or no fertilization,

low production/area, and being lTabor-intensive are considered extensive agua-
culture practices. This type of aquaculture is common in underdeveloped |
countries throughoust southeast Asia. At the other end of the manaQeria]
spectrum in aguaculture is intensive aquaculture, which involves supple~
mental feeding, control over the complete Tife cycle, maximum control of

the aquatic environment, high stocking density, high production/area, and

is capital intensive. This paver deals mainly with the latter.

Aquaculture is similar to agriculture in that a selected species or
group of species are confined to a given area from which a maximum production
is obtained by the application of fertilizers, feeding, disease control,
environment quality management, and control of predation. Biological and
technological factors favoring intensive culture of a species have a Tow
trophic level, (efficient food conversion), disease resistance, gregarious
nature, rapid,growth rate, control of the comp]eté Tife cyc1e, high fecundfty»
and survival, and hardy nature. A reliable source of juveniles is a necessity
to a successful aquaculture business. This , in most cases, would necess- =
itate knowledge of propagation and rearing of Tarval stages in a hatchery,
since total reliance on wild stocks will result in unpredictable production.

Freshwater organisms

Macrobrachium rosenbergii

The giant Malaysian prawn (Macrobrachium rosenbergii) is endemic to

the southeast Asia and Indo-Pacific area, with its furthest northeastward -

extent being to the Palau Islands. Pre]fminary work on culture of M.



13

rosenbergii was done by Ling (1967) with subsequent investigation into the-
mass cultivation of the larvae by Fujimura (1970). Culture of this species
is practiced in S.E. Asia, United States, Mexico, South America, Philippines,
Micronesia, South Pacific, Taiwan, and Japan.

This is one of the most thorough scientifically investigated species
with the intent of ontimizing knowledge of its culture. The majority of
the research has been carried out in the U.S. This extensive informétion:toa—
tributes to the desirability of this species for cultivation, along with
characteristics of complete control of the 1ife cycle, relatively free of
disease, suitable for polyculture, tuxury product demanding premium prices,
omnivorous feeding habits and app]icabfe to intensive or extensive culture.

The production capability of this species on Guam is 4637 kg/ha/year
(FitzGerald, 1975). This is based on the harvest of two crops per year.
This production was carried out in a stagnant pond (no water discharge,
only maintenance of water level). Supplemental feeding of a commercially
prepared food, turkey starter (28% protein), was used. The uée of a poly-
culture system is recommended, with Chinese carp beinﬁ the secondary species.
As with other crustaceans the occurrence of mo]ting‘ﬂfﬁhe pond makes the
brawns vulnerable to canniba1jsm; however, this can Be‘minimized by providing
numerous shelters.

At present the entrepreneurs engaged in the culture of this species
on Guam receive post—]qrvae for stocking from the Hawaii Fish and Game
Department through Guam's Division of Aquatic and Wildlife Resources.at no
cost, except for air freight charges. Hawaii has set a limit in the past
of one million post-larvae (sufficient for stocking 5 hectares)'as‘the

maximum it can supply Guam. As Hawaii's prawniﬁdustryhas grown .its abiTity
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to supply Guam with post-larvae will terminate. A hatchery will have to

be developed on Guam and a temporary alternate source of posf-larvae found
(e.g., Palau) to sustain existing farms and to meet the demands of the
growing industry. Sixth the addition of a hatchery for prawns on Guam, the
management and production capabilities will increase. Year round production
of post-larvae will allow the use of a staggered stocking method which

can increase production and allow a continuous supply of harvestable prawns
to be available. Guam imports an estimated 500,000 pounds of shrimp per
year. Production of M. rosenbergii could fill a Targe portion of this local
market demand. Japan presents an enourmous foreigh market for préwn and

fishery products with premium prices paid for 16-20 prawns/pound size.

Anguilla japonica

The freshwater eel Anguilla japonica is a catadromous species with the

migration of mature eels to the sea for spawning and the return of the
elvers to rivers. It is at this point that the elvers are captured and

held before stdcking in grow out ponds. A1l pond culture of this species

is dependent on this capture of wild stock. Progress has been made on the
artificial propagation of A. japdnica, but it 1s still onfy on an experimen-
tal bases. The source of juveniles for stocking are Mainland China, Korea,
Taiwan, and Japan, with the later two countries usually not being able to
meet their own demand. There is the possibiiity of substituting a similar

Australian - New flealand species, Anguilla australis, since the supply

of wild elvers is not always available in adequate quantity from the prev-
iously mentioned coutries. "Other species suitable for culture are the Euro-

pean A. anguilla and the American A. rostrata.



Cuiture of this species is intensive and usually as a monoculture.
The eels are carnivores by nature, but are fed on a coﬁmercia]ly prepaired -
balanced diet. Production varijes with thelmethod used from less than 1 kg/
m2 in earthen ponds up to 60 kg/m2 in concrete environmentally controlled
tanks. Guam's Aquatic and Wildlife Resources' experiménta1 eel culture was
on a polyculture basis in a earthen pond. Growth was shown to be very rapid
under the warm water conditions, with harvestable size obtained as early
as after 4 months of culture. A key factor in good production results of
this speéies is the ability to have close management control. This is
main]y needed for the required sorting of size classes during the grow out
phase, in addition to disease prevention, and observance of the general
condition of the eelé which is usua11y'evident in feeding behaviour.

Guam has one éntrepreneur engaged in eel culture. This is with the
use of concrete walled ponds with an area of 2 hectares which will be exbahd-
~ed with future demands. The expected production from these ponds will be
100 mtons/year. The major market for the eels is Japan. There is a sma11
Tocal market, but future expansion of eel culture will be solely for an

export market.

Pangasius sutchi

The S.E. Asian catfish Pangasius sutchi is generally grown as a mono-

culture, but polyculture can be used with suitable species (e.g., carp)[A
They live in rivers, and lakes, and can be raised in ponds or cages. They
will not reproduce in ponds since they require moving water for reproduction‘
to occur. This fish has great potential for Guam due to its capabf1ity of

high production per unit area (e.g., 75,000-95,000 kg/ha/year) (personal
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communication, Nukit). The species isomnivorous.and is usually fed on a
mixture of vegetable matter and fish. The main draw back to their produc-
tion on Guam is the requirement of 20% or greater protein in their diet

to obtain the desired growth rate. They also require a high feeding rate
of 10-12% body weight/day. This necessitates an abundant supply of an 1n—v
expensive food source to fulfill dietary requirements. Possible areas of

a cheap food source would occur with the development of a proposed vegetable
cannery, 1iyestock slaughter house, tuna cannery, or utilization of acti-
vated sludge from the waste'treathent plants. The initial cultivation on
Guam by the Division of Agquatic and Wildlife Resources met with unfavorable
results which were mainly attributed to improper diet and the competition
for food with Tilapia. There is a breeding stock being held at Aquétic

and Yildlife Resources for future artificial propagation.

Clarias (Clariidae)

Clarias (C. batrachus, C. macrocephalus, and C. fucus) are other

southeast Asian catfish that offer high production per unit area (80,000-
- 90,000 kg/year/ha). They are easily bred in captivity, of hardy nature,
and feed on a wide variety of vegetable and animal matter. E; batrachqé
is favored for culture through southeast Asia due to its more rapid growth
rate. C. batrachus occurs on Guam and is usually found in swampy areas
that are subject to drving up during periods of lTow rainfall. It has the
characteristic of having an accessory air breathing organ that enahles it
toexist in oxygen poor waters and to leave pondages in search of food.

The advantages of the ability to withstand low oxygen waters is'obvious;

however, its ability to leave a body of water and move across land requires
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precautions. [t has the ability of burrowing into the mud to survive
extensive dry periods. Due tothis ability, a pond used for this species
should not be altered with the culture of species that might become prey

of the catfish (e.g., prawns), since complete eradication from a'pond would
be difficult as the result of their ability to burrow into mud. A possible
solution to this would be a concrete tank cu1ture~$ystem. The culture

of these catfish would require a fencing enclosure around the pond to
prevent escape. C(larias is presently imported to Guam's fish markets.

The Division of Aqqatic and Wildlife Resources is examining the feasibility

of the commercial culture of C. batrachus on Guam.

Chinese Carp-

These fish are mainly recommended on Guam as a secondary species to
increase overall production by more fully utilizing the three dimensional
. space of the pond, and help maintain a balanced pond envivonment. Grass

carp (Ctenopharyngodon idellus) are nerbivores that help control grasses

growing along the pond banks. Silver carp (Hypophthalmichthys molitrix)

are microphagos herbivdfes, feeding on the. phytoplankton. Big head carp

(Aristichthys nobilis) are microphagos carnivores, feeding on zooplanktan.

Common carp (Cyprinus carpio) are detritus feeders. At present, stock is

obtained from Taiwan, but they can be artifically propagated on Guam once

a breeding stock is established.

Tilapia sp.
This genus of fish has a variety of feeding habits, but in general is

an aggressive opportunistic feeder. They breed naturally at a high rate
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in ponds, thus overpopulating, causing a general reduced growth rate, and‘

a crop of an unsuitable size mixture for marketing. Monosex culture would
be the only suitable means of culture on Guam. This is done by the crossing
of species to produce a hybrid progeny of all males, or by hormone in the
feed of sexually indetermined fry to produce an all male population. In
general, Tilapia are an invader species (often interfering with the culture
of highly valued species) and are hard to eradicate from ponds where they
are not desired. Their aggressive feeding takes food away from the désired
cultured species. Tilapia would be suitable. for use in stabi]ization ponds
where they would feed on the natural productivity of the pond. It's low on-
island market value would eliminate the desire to be cultured on a Targe
commercial scale - on Guam, unless market changes are made through §roduct
promotion. The catering to the Japanese tourist resturants with a live

product to satisfy culinary tastes would support a limited production.

Soft Shell Turtle

The soft shell turtle (Trionyx sinensis) is a high-priced item that

is considered a delicacy in Taiwan and Japan. Its culture is carried out
in ponds with concrete or stone walls with an overhang to prevent escape.
T. sinensis are mainly fed on trash fish and animal products. Growth of
the tuft1e normally takes approximately two years‘before it reaches a
harvestable size (600 g); however, this growth period could be reduced to
about one year on Guam due to its favorable climatic conditions. Stocking
varies according to the size of "the turtle, and size segregation must be
practised to prevent cannibalism. Reproduction occurs in special rearing

ponds in which mature turtles (3 years or older) are placed. Egg laying
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occurs in a small brick enclosure with a sand floor. Hatching takes approx-

imately 50 days. |
Soft shell turtle culture on Guam was initiated on a small scale by

a private entrepreneur. The initial venture proved unsuccessful due to an

inadequate enclosure to prevent escape. A secénd entrepreneur has construct-

ed three small ponds (7 m x 17 m) for the culture of turtles and carp. The

marketing will be mainly in Taiwan. This is a rather limited culture for

a special market.

Bait Fish_

A key factor in the development of skipjack tuna fisheries in this area
of the Pacific would be a suitable supply of bait fish. A number of species

have been considered and used as bait fish including Tilapia mossambica,

Dorosoma petenense, Poecilia vittata, Poecilia mexicana, Sardinella melan-

ura, Engraulus japonicus, Chanos chanos, Kuhlia sandviciensis, mullets, and

cyprinids (Gopalakrishnan, 1976). Live bait pole and line method of cat-
ching skipjack tuna is the most productive means at present for harvesting
skipjack. Large purseseining boats have not proved to be viable in this
area of the Pacific to present. |

Important factors influencing the selection of a suitable bait fish
are: to be prolific, continuous breeding, gregarious, of good growth
rate, hardy (both in culture and during holding in bait wells), show suit-
able behavior, size, color, and shape to attract funa, and must be acéepted
by fishermen for use. A promising genus that is presently being worked
on in Hawaii and American Samoa is Poecilia (Baidwin, 1974; Swerdloff, 1973).

This genus is suited to mass culture (Baldwin, 1972).



20

Brackish Water and Salitwater

Chanos chanos

The milkfish or sometimes called bangus (Chanos chanos) is a eury-
haline fish with a tolerance of 0-35 %.. It has been cultured on Guam
on a small scale in freshwater by Aquatic and Wildlife Resources (FitzGerald,
1975), and in salt water by a group of Filipino workers. There is no meéns
of aftificia] propagation at present. A1l stock must be caught from the
wild. The closest possible supply of milkfish fry at present is Palau or
Yap; however, their runs are too unpredictable in duantity and time to be
a dependable source. Runs of fry have been reported on Guam but are too
few and unpredictable, also. The major area of abundant milkfish fry runs
is in the Philippines; however, they have enforced a moritorium on the
export of milkfish fry. Until artificial propagation can be.practised
with this species or a stable supply of wild stock is established, further

pursuit of the culture of this species on Guam would be futile.

Grey Mullet (Mugilidae)

The muliet is a marine species of fish, which enters estuaries and
the lower extents of rivers. The salinity tolerance is similar to the.
milkfish in that they can adapt to freshwater or saltwater. Their dis-

tribution is wide spread with Mugil cephalus (the preferred species for

éulture) being a circumtropical species. Some of the favorable character-
istics of this species are euryhaline 0-38 %., eurythermal 3-35 C, low
trophic level (herbivore), and high quality flesh. M. cephalus naturally

reproduces in salt water, but artificial propagation has recently become
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‘successfu1 on a practical scale (Shchadeh and Norris, 1972).

Cultivation of mullets is usually in brackish water ponds, where they
feed on plankton (both zoo and phytoplankton), benthic algae, and detritus.
They also accept artificial feed. Growth varies with density of stocking
and feeding from 200-500 g in one year. They‘can be raised as a monoculture,
but more commonly are raised in a polyculture situation. On Guam, their
culture would be mainly as a secondary species, filling a niche that the.
primary species does not occupy. Mullets are stocked at Tow densities.

Their Tow production per unit area will eliminate their desiréabi]ity for

large scale culture on Guam.

Scylla serrata

The mangrove crab (Scylla serrata) is an extremely territorial and

aggressive species wnich makes its economic culture very difficult. It

is a High valued product, but the low production capability per unit area;
under present culture methods, makes its cultivation unlikely for Guam.

It does occur naturally on Guam. An unsuccessful small scale culture was
attempted by Aquatic and Wildlife Resources in conjunction wfth one of the
commercial pond operators, and a basic growth and natura] history study.
was done at.the Universtiy of Guam Marine Laboratory (Dickinson,1977).

The ability to culture S. serrata through its larval stages is known

(Ong Kah Sin, 1964). A culture of this crab on a capital intensive rather
than labor intensive scale is presently not practiCaT. Developments along
this methodology, which would be similar to that of the American lobster

(Homarus americanus), is possible in the future. Its culture in Asian

countries is on an extensive basis, and is usually only held for a short
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fattening period after its capture from wild stock before being marketed.
Its commercial pond culture prospects being of significant importance is

unlikely (Ong Kah Sin, personal communication).

Crassostrea gigas (Oysters)

An experimental culture of C. gigas was conducted at various locations
around Guam by Aquatic and Ni]d]ffe Resources (FitzGerald, 1975). The gen-
eral lack of biologically rich marine waters around Guam makes the culture
of filter feeding organisms less productive than areas of productively
rich waters. The Apra Harbor area appears to be the only feasible site a-
round Guam for oysters or other filter feeding bivalves on a large commer-
cial scale. Some of the sheltered small bays may afford a suitable area

for a family consumption type of culture.

Mytilus (Mussels)

This bivalve mollusk is one of the most efficient feeding animals.
It has a rapid growth rate with a high nutritioha] va]ue,.and.exce11ent
palatability. Mytilus culture would be Timited to the same areas as
oyster culture, namely the Apra Harbor area. The major means of culture

would be raft culture.

Penaeid Shrimp

A number of penaeid species are suitable for culture; hdwever, Penaeus
monodon (the Philippine sugpo) along with P. japonica would probably be the
most desired. Penaeid culture is usually carried out in tidal ponds. The
filling and emptying of/the ponds are correlated to the spring and neap

tides. The maximum difference of a tidal cycle on Guam is 3.5 ft. This
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would be a limiting factor in the ability of thfs culture method. Util-
jzation of pumps for water exchange would be necessary. Gravid féma]es are
usually caught from the wild, with the subsequent raising through the
larval stages to post—1érvae in captivity. Development of bringing about
maturation and ovulation in captivity by eye stalk ablation is being refined

so the whole 1ife cycle can be completed in captivity.

Siganids

Rabbitfish (Siganus spinus, and S, argenteus) are very popular reef

fish on Guam and throughout Micronesia. There is a wild stock available on
Guam. In addition, artificial propagation is known (Bryan,et. al., 1975)..
S. spinus and S. argenteus are the two species that usually have large ju?e—
nile runs on Guam (Kami, 1976). Preferably S. atgﬂntgus, due to its

‘better growth rate, would be stocked into ponds or enciosed areas of the
reef or floating cages (Tsuda, et. al., 1976). The major drawback to the
culture of this species is obtaining an economical food source that will
produce an acceptable growth rate, Conditions for the culture of the

prefered alga food for this species is known (FitzGerald, 1976), but supplie-

mental protein has to be added to the diet to obtain rapid growth.

Grouper, Sea Bass, and Snapper

These species (Lutianus argentimaculatus, lates calcarifer, and

Epinephelus tauvina) are suited for cage culture. They are high valued

species. 'They are carnivores and require an inexpensive supply of scrap
fish. This is the main deterent to culture of these species on Guam. If
a tuna cannery or fishing industry develops on Guam, a possible cheab source

‘of protein would be available. The complete 1ife cycles of these species
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have been acheived in captivity (Wongsomnuk and Brohmanonda, personal

communication).

Algae

_Commercial culture of algae would be very limited due to thé res-
triction on available areas that would be feasible for its culture on-
Guam. The only areas that would afford adequate protection from storm
damage to crops wouldbe Apra Harbor and Cocos Lagoon. There is no developed
Tocal market so all of thebproduction would have to be processed for export.

Genera that could be used for culture on Guam would include Eucheuma,

Gracilaria, Gelidiella, Caulerpa, Porphyra, and Enteromorpha. Eucheuma,

Gracilaria and Gelidiella could be used in marine colloid production.

Enteromorpha, Gracilaria, Porphyra, and Caulerpa could be used as human

food. The use of alga as an animal feed (e.g., Enteromorpha in Siganid
~culture) could be feasible, but would be most economically based on the
utilization of a waste nutrient source (e.q., effluent from pond culture).
Various other Qenera have been used as cattle fodder (Jensen, 1972).
Present methods of algal culture are mainly labor-intensive. - This
will discourage its development on Guam until an efficient economically
capital-intensive means of culture becomes viable. As for example an
annual net income from a family-operated 0.5 hectare labor-intensive
Eucheuma farm in the Phi]ippinés is $1350 (Deveau and Castle, 1976).
Guam would be incapable of competing on a world-wide marine colloid
market with such competition from labor-intensive countries. Capital-
intensive methods of growing Eucheuma are being examined in Florida, but

have not yet proven economically viable (Deveau and Castle, 1976).
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FACILITIES FOR AQUACULTURE

Ponds

Farthen pond culture is the oldest and most widespread means of con-
.taining cultured species. Ponds vary greatly in size from less than 0.1
ha to over 40 ha. This depends greatly on the species being cultured, the
intensity of the culture, and the terrain. The present general trend is
towards smaller ponds (e.g., 0.1-1.0 ha ponds) since they afford closer
management practices. Earthen ponds are constructed by the excavation
of the soil from the pond area to form dikes. Heavy equipment (bulldozers
and backhoes) should be equiped with LGP tracks (low ground pressufe)
since most ponds are constructed in areas consisting of soft soils. Con-
ventionally equipped machinery would frequently become stuck or inoperative.
As the soil is excavated and placed along the dikes it is firmly packed
so that the bank does not allow leakage or possible breakage due to insuf-
ficent compaction. The soil should be free of vegetation, roots, and large
rocks. It is preferable to minimize alteration as much as possible of the
bottom and banks that are formed naturallyv by the terrain, since this soil
is already compacted and less likely to allow seepage or breakage.

The actual lay-out of the ponds depends on the terraih.rvlanFShaped
| sTightly ob]iquely.truncated valleys, small diversion ponds can be con-
structed. In rounded off V-shaped valleys, barrage ponds or a series of
Tinked diversion ponds are constructed. In V-shaped valleys that are
slightly horizontally truncated, strongly truncated or totally truncated
the use of linked or parallel diversion ponds is recommended (Huet, 1970).

The'type of soil the pond is constructed of is crucial. The soil must



have the characteristic of water retention. This usually reguires a_mini—
mum clay content of 25%. Fertile soils are naturally preferred, but mar-
ginal soils that are unsuitable for agriculturial use can be utilized by the
addition of ferti]izers and Time {acidic soils). HMineral content of the
soil should be examined. A high salt content can be deleterious to the
culture of some species. Previous use of the land shou1d be known. If
pesticides were used the area may be unsuitable or require considerahle
leaching to remove the pesticide residue.

The width of the dikes depends on their use other than retéining the
water. If vehicle access is reguired the width should be at least 6 m at
the base and 3 m at the berm. Dikes separating ponds running parallel to
each other can be of a reduced width if they are not intended for vehicle
passage.

The slope of the banks varies according to the size of the pond. For
ponds of the 0.1-1.0 ha size, an inside slope of 1:2 and'an outside s]opé
of 1:1 is recommended. Larger ponds require a 1:3-1:4 slope. The main
purpose of s1dping the banks is to reduce erosion of the banks by water
movement. The dike height should be at least 30 cm above the surface of-
the pond'water. Hater level 1inside the pond should be 0.7 to 1.2 m deeﬁ.
Historic review of maximum flood water height should be madé, with the sub-
sequent construction of the dike height to preveﬁt entrénce of flood Qaters
into the pond. The addition of a grass with good soil retaining capabilities
is also recommended as a cover and soil binder to extend the Tife of the ,
banks. The planting of vegetation with large woody root systems is dis-
couraged since this weakens the dikes and facilitates leakage.

The pond bottom should have a slope of 0.2 to 0.5% towards the drain.
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It should be uniform in construction with no pot holes or rooté remaining.
It should also be compacted if possible while being buildozed. A collec-
tion basin may be constructed at the drainage site. This basin should not
exceed 10% of the pond area. The pond should be capable of complete drain-
ace to faci]jtate eradication of undesired species, control of disease
problems, and mineralization of the bottom so0il.

Water addition to the pond is done at the end opposite to the drain.
Dispersion of water is in a manner to prevent erosion of the bank and bot-
tom. Aération is accomplished by sp]ashfng or spraying the water as it
enters the thd. The water-source should be screened sufficﬁent]y to prevent
introduction of unwanted species. It should be free of pollution, also.

Drains (e.g., sluice gate, monk, stand pipe) also vary in design and
construction. However, the basic functions are to control water level
(overflow), prevent escape of cultured fish (also introduction of undesired
species from drainage canals), and to allow complete drainage of the pond.
The preferred flow of water out of the pond is in such a manner that the
bottom water is drained. Each pond should have its own drainage systém
that empties into a draihage canal. It is ill-advised to 1ink ponds through
the drainage, since this decreases management efficiency, and also increases
the possibility of spreading of disease through éT] the ponds.

Culture of species in 1mpoundmenfs where a stagnant water flow method
is used would impose the least direct burden on.the environment due to its
1im1ted_discharge (except during complete harvest). 1In addition it requires
the Teast amount of water rvesources to maintain the system.

Flow-through systems for species requiring a very high watér quality

or so intensely stocked that a continual flow is necessary to maintain basic water
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quality requirementé would be a means of culture that adds a continual and

often substainal quantity of waste water.

Raceway Culture

Raceways are designed to allow a continuous large flow of water through
the enclosure to facilitate flushing of wastes, maintenance of high oxygen
Tevels, and in the case of cjrcu]ar designed raceways, the movement with

the current of species of fish that tend to continually swim. Raceways

are commonly used in trout and channel catfish (Ictalurus punctatus) culture.
Due to the high water quality maintained in raceways, the stocking density
is greater than that used in ponds, thus giving a higher production per
unit area.

The application of a raceway to the culture of aquatic.organisms
can be diverse. Culture of filter feeding organisms (e.g., oysters) is
feasible with the introduction of a water source containing a high density
of planktonic food organisms. The system can be of an oﬁen or closed
circulation tybe with flow rates suited to optimize delivery of food organ-
isms, removal of waste products, and maintenance of desired oxygen level.

The practice of polyculture is feasible within a raceway system as demon-

sfrated by Ryther (1975) in the production of fish (Pseudopleuronectes

americanus), chellfish (Crassostrea virginica, Fercenaria mercenaria),

lobster {Homarus americanus), and macro-algae (Gracilaria foliifera,

Agardhiella tenera) within a raceway system.

Raceway culture is a sophisticated capital intensive means of aqua—
culture. Its use on Guam could be applied to both fresh and marine-cultured

species. However, the requirements of large water volume flow through a
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raceway would 1Timit its use, especially for freshwater, unless the

water is filtered and recycled.

Floating Cage Culture

This method of culture originated in Cambodia and has spread through-
out the Mekong River system. Modified Vgrsions are used in the culture of
numerous speéies both in fresh and marine waters throughout the world.

Cage culture allows the utiTization of an existing body of water
(lake, river, ocean) for the cuTture of species that will tolerate intense.
stocking in a confined space. This method of culture has the advantage over:
pond culture of usually reauiring less fnitfal capital investment. Oper-
étﬁong] expense can also be Tess (e.g., no water pumping expense); howéver,
the 1ife eXpecténcy is less than that df a pond. Frequent cleaning of aigae
growth from the cage is necessary to prevent bbstruction of water circu~
Tationwhich is hecéséary to flush wastes and renew oxygen levels. |

Greater stocking densities afe usually practiced in cages than ponds.
Thus a species to be suitabje to this type of culture must tolerate cfowding.

Examples of species that are used in cage culture are Pangasius sutchi,

carp, sea'bass,grouper, and red snapper.

The sizes of cages vary from a cubic meter to 625 cubic méters, which
are essentially floating cagés upon which the entkepreneur lives in a hut.
A practical size range for use on Guam would be 10 m3 to 200 m3. A cage can
be constructed of a number of materials, but the type that would be suit-
able to Guém would basically bohsists of a framework forming the structural
shape of the'cage, around which a heiting material is attached to forh the

enclosure. This structure is attached to floating devices, or fastened to



poles secured into the substratum where a tidal fluctuation does not occur.
The net must extend beyound the water surface sufficiently to prevent the
escape of the fish or introduction of,undesifed species. In cases with

species that tend to jump (e.g., Pangasius sutchi) netting must be extened

over the top.

On Guam, the utilization of cage culture can contribute very substan-
tially to the total aquaculture productfon. For example, obtaining the
use of a portion of Fena Lake for the purpose of fish cage culture viould
be a productive means of utilizing an existing asset. Possibly,.a cooper-.
ative venture could be arranged with the Navy, who ccontrols the lake. In
addition, it could be used to augment production within dammed areas ad-
jacent to»]arge fish culture Operdtions.' Thié culture method would be
very apblicab1e to marine species also. In most cases this being the pre-
ferred means, since it does afford a higher'degree of managemént as compared
to penning'in én area of a reef flat. However, the use of cages in the
marine waters would requiré that they do not obstruct paséage of vessé1s.

Areas where this might be practiced would be Apra Harbor and Cocos Lagoon.

Raft and Stick Culture

Raft and stick culture methods are used for pysters and mussels.
Stick culture being Timited to shallow water. Oystéf spat that have
settled on collector shells are attached to a stick which is anchored
into the substratum. This method of shellfish culture is 505ceptab1e to
predation by bénthic organisms and aerial exposure due to tidal fluctua-
tion.

The raft culture method is moré productive per area and a more man~
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ageable means of culture. This consists of a raft constructed of Ccross-
members (usually wood) which are floated (e.g., attachment of 55 gallion
0il cans). From the crossmembers are hung the culture lines. The materials

used for construction and design vary.
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ENVIRONMENTAL IMPACT DUE TO AQUACULTURE PRACTICES
AND

POLLUTION ABATEMENT MEANS

Intensive culture of aquatic species within ponds or other enclosures
with the addition of fertilizers and supplemental feeds results in the pro-
duction of large quantities of waste products both directly from thé cultured \
species and from biological activity associated with this eutrophic envir-
onment. . The discharge of this effluent into receiving waters can be a con-
siderable pollution source, ifvnot properly managed.  Since the pond can |
be considerad as a point source of eutrophication, pollution abatement
measures must be designed into the system. The costs of these abatement
measures can become the limiting factor in the viability of an operation -
and ‘deserves careful examination by the entrepreneur! Three broadly groupgd
categorfes of polluting factors from the effluents of fish culture activ-
ities are recognized (Hinﬁhaw, 1973).' The first category includes the
passing of pafhogené and pafasites-into natural waters from hatcheries or
ponds. The close proximity of species during tu]turing facilitates thé
transmission of disease. A second category is the‘prophy1actfc or thera-
peutic use of chemicals and drugs to control diseases and parasites. These
can be introduced directly into the_impoundment or through the feed. The
third group are factors that affect the chemical or phySica] water qua]ity
of the recieving wafers. Metabolic wastes from the fish, unﬁsed food,
algae, and detritus from ponds can have adverse affects on the receiving
waters. Increased biochemical oxygen demand, carbon dioxide, ammonia,

nitrate, and nitrite levels would be associated with this effluent. The ,



dissolved and suspended solid level would also contribute to the pol]ﬁtion
factor of the eff]ﬁents.

Water pollutants may alter natural conditions by reducing the dissolved
oxygen, by changing the temperature, or by direct toxic action that can
be Tethal or more subtly, can affect the behavior, reproduction, and physi-
ology of the organisms. Although a substance may not directly affect a spe-
cies, it may endanger its continued existence by eliminating essentizal
sources of food and metabolics. Furthermore, conditions permitting the sur-
.viva1 of a given organism at one stage of its 1ife may be irtolerable at
"~ another stage.’

Physical alteration of the environment during constructicn and the
resulting physical structure of aquaculture ponds can cause a lasting effect
on the biological cémmunity by dltering water flows and circulation, es--
pecially in estuary areas where blockage of large sections can prevent
flushing (Odum, 1970; Copeland, 1968). Effective planning tc allow for
natural cfrcu]ation is needed or the addition of an artificial circulation.
Alteration or destruction of estuary areas, that may serve as a nursery
for numerous species, may secondarily affect sport or commercial fisheries
by reducing the natural stock. As with any consfruction envolving the

grading or moving of earth the potential for sedimentation is increased.

Pollution Parameters
Water pollution is defined by Narreﬁ (1971) as any impairment of fhe
suitability of water for any of its beneficial uses, actual or pofentia1,
by man-caused changes in the quality of the water. A more workable defini-

tion, limiting effluent discharge, is used by the Guam Environmental Pro-
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tection Agency as the water quality below the discharge point must be equal
to or better than that above the discharge.
Parameters and their effects contributing to water p011ution of the

receiving waters of fish pond effluent are as follows:

Nitrates

Nitrates are the most highly oxidized phase in the nitrogen cycle.
They can reach high concentrations during biological oxidation. High
concentrations are indicative of organic pollution. Nitrate concentration
in natura! waters usually ranges from 0.5-5.0 PPM (Hutchinson, 1957).
Nitrates are the most usable form of nitrogen for plant growth. Generally
an increase in nitrates is followed by an increase in algal production
and an increased productivity of the whole ecosystem. However, an‘increasé _
of nitrateAleve1 beyond 20 PPM has detrimental effects for fish Eu1ture'

(Spotte, 1970).

Nitrite

Nitrite is an intermediate of the nitrification process (ammonia-nitrite-
nitrate). It can accumulate during the develepment of nitrifying activity,
due to elevated ammonia levels, or when the normal nitrificatign path is
1nterrupfed, for example, by addition of chemotheraputics to the water..
Nitrife can be toxic to fish by means of reducing oxygen transport efficiency
of the blood resulting in hypoxia in extreme cases. The nitrite oxidizes
~ hemoglobin to methemoglobin which is incapable of releasing oxygen on
demand (Smith and Russo, 1975). Lethal levels for nitrite range from

0.14-0.55 mg NOZ—N/l (Forster et.al., 1977). Concentrations as low as



0.096 mg/1 NO2 showed a small, but sighificant increase of methemoglobin
in trout which were exposed for 8 days (Smith, 1975). A LC 50 of 0.23 mg

NOZ»N/1 was found for trout (Brown and Mcleay, 1975).

Ammonia

Ammonia originates from mineralization of organic substances by‘bactéria
and from excretion by fish. Unionized ammonia is very toxic to fish and
should not exceed 0.1 PPM. Toxicity varies by the concentration of undiséo—
ciated ammonium hydroxide in the water, whjch in turn is a funcfion of the
pH and temperéture. Spotte (1970) notes that even at sublethal 1eVels
ammonia will have four adverse effects to fish popu1ations::(]) increased
susceptibility of fish to other unfavorable conditions such as Tow oxygen,
| (2) inhibited normal growth, (3) decreased fecundity, and (4) decreased
resistance to disease. High levels affect the gill tissues and reduce the‘
ability of hemoglobin to combine with oxygen. High,‘but non]étha?, ammonia
concentrations will cause extenéive proliferation of eithe1iﬁm which prevénts
normal respirétion (Smith, 1972). Spotte (1970) sites chronic ammonia

‘Tevels as the most serious problem that the fish culturist must deal with.

Settleable and Suspended Solids

Settleable solids and suspended solids can be organic or inorganic in
origin. They have a greater effect on fish populations in a natural en-
vironment than in fish ponds where artificial feeding occurs. Light pene-
tration would be limited, fhus reducing algal growth_which is the basis for
the food chain. In aguaculture, fhe suspended solids may cause a buildup
of sludge on the bottom, consisting main]y.of the remains of plankton

which decompose and'increase the BOD in the pond. High loads of suspendéd
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solids may cause gill tissués to be affected and should remain below 80 PPM
for optimum health in fish culture (wedemeyer and Wood, 1974). The com-
position of suspended particles in surface waters are important because

of their effects on light penetratioﬁ, temperature, soluble prodﬁcts, and
aquatic life. The mechanical or abrasive action of particulate materiai

is of importance to the higher aguatic organisms, such as mussels and

fish. Gills may be clogged and their proper functions of respirétion and
excretion impaired. Blanketing of bTants and sessile animals with sediment
as well as the blanketing of important habitats, such as spawning sites,
‘can cause drastic changes in aquatic ecosystems. If sedimentation, even of -
inert particles, covers substantial amounts of organic material, anaerobic

- conditions can occur and produce noxious gases and other cbjectionable char-
acteristics, such as Tow dissolved oxygen and a decrease in pH. .Odum (1974)
sites the increase of sedimentation under rafts, mainly due to feces and

pseudofeces, in the case of oyster culture.

Biochemical Oxygen Demand |
Biochemical oxygen demand is the quantity of oxygen required for thé

biochemical oxidation in a given time at a given temperature of organic ﬁat-

ter. The introduction of effluent with a high BOD into a stkeam puts an

excess burden upon it. This type of pollution can be very destructive

when relatively large amounts of putrescible organic materials, which reqﬁire

oxygen for their decompostion, are introduced into the waters; The oxidation

is dependent upon the availability of dissolved oxygen in the waters and

the ability of the body of water to maintain this oxygen level above the

BOD through exchange with the atmosphere and the photosynthesis of algae.
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If the dissolved oxygen falls below that required by the BOD Toading; an-

erobic conditions arise.

Toxins

| Since we are dealing with the culture of organisms, the use and occurr-
ence of toxins are avoided. Usua11y the only time a toxin is introduced
into a pond is after drainage. However, a class specific toxin may be

used during culture to rid the pond of pest species (e.g., fish from prawn
culture ponds). A fish toxin may be introduced to e]iminate'undesirable
species that may remain in small bodiesvof water or the mud/water interface.
This should be held-in the pond for the prescribed period of time for
deactivation of the toxin before refilling or further discharge. The
addition of chemical oxidants can speed up this process. Careless use of
the toxins with its entry into the receiving waters can tause large fish
kills. Trained personnel should be available for supervision during the
administration of toxins. Toxins from tank culture systems-can jnc1gde

algacides, and chemicals used in cleaning the tanks,

Coliform
The guantity of coliform bacteria is a standard means of indicating

pollution levels. Coliform bacteria {Escherica coli and similar gram

negative bacteria) are normal inhabitants of fecal discharges from warm
blooded animals. . Total coliform counté can be misleading since certain
coliform bacteria occur naturally associated with various vegetation. The
Guam Water Quality Standards speciffes fecal coliform counts as a standard

testing of Guam's waters for pollution. The presence of fecal coliform is
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used to indicate a degree of poliution {possible presence of human patho-
genic organisms) in waters; however, since fecal coliform is restricted
to warm blooded animals this is notrelevant as a pollution indicator from
fish ponds. As previously mentioned, the use of a total coliform count also
is not a reliable indicator of pollution since certain species of coliform
bacteria occur naturally in the environment. Certain coliform bacteria aré
part of the natural nitrification process, and most likely due to the increase
in ammonia (metabolic waste) within fish ponds, the presence of this coliform
bacteria will increase.

if it were possible to monitor a common intestinal baéteria restricted
to fish, this would be more suited as a pollution indicator from fish
ponds than fecal or total éo]iform counts. The monitoring of other para-
meters (e.g., ammonia, nitrate, phosphate) will be a more useful guide to

the degree of pollution a fish pond contributes to the receiving waters.

Study of Hatchery and Pond Effluent

A study cbnducted at six hatcheries in the United States showed a
degradation due to hatchery effluent of the receiving waters (Hinshaw, 1973).
0f the parameters tested, ammonia‘(major nutrient contributing to the efflu-
ent), BOD, MPN coliform, and suspended solids were the factors contributing
significantly to a change in the receiving waters. A corré1ation was
found with the water quality above the discharge point t0 that below. A
high quality water showed degradation less than in water of lower initial
quality. Waters with a high degree of enrichment prior to use resulted in
hatchery effluents that were considered a possible public health problem.

Contrary to this, waters of high quality, prior to hatchery use did not
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‘significantly degrade receiving waters below the discharge point. In
general, hatchery effluents showed a significant increase in MPN cotiform
counts, which could pose a pbtentia1 public health hazard (Hinshaw, 1973).
BOD Tevels were increased significantly, which were mainly attributed to
the use of animal offal or wet feeds that were not consumed. The enrich-
ment of.the receiving waters by hatchery éctivities has increased the
growth and propagation of many fish food organisms and supplementally in-
creased the fish population supported by the watersf This.could be con-
sidered a desirable affect depending if the species of fish were of use
to a sport or'commercié1 fisheries.: However, the number_of pollution in-
tolerant benthic species tended to decreasé. In contrast, the organic
enrichment. froh a water quality and public health stand point may not be
desirable.

Data recorded by Aquatic and Wildlife Resources (FitzGerald, 1975) for
the parameters of nitrate and phosphate sampled from their demonstration
-ponds and the water sup§1y source (Talofofo River) indicate a significant
(p = 0.05) increase iﬁ phosphate in the pond waters over the river water
supply source (Tabie4). However, nitrate levels showed no significant in-.
crease, and actually a slight decrease (not siénificant) in pond 2 as
ﬁompared to the river. This lowered nitrate level reflects its uptaké
by the phytoplankton and macroalgae populations within the ponds. Pond 2
illustrates to a certain extent the efficiency of the use of a stabiliaz-
tion pond in pollution abatement. The overational proceedure of Aguatic and
Wildlife Resources personnel was to supply pond 2 with sufficient water
to maintain the water level by siphoning water from pond 1. Occassionally,

when additional water was needed or adverse conditions arose within pond 2
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Table 4. HNitrate and Phosphate Values from Aguatic and Wildlife Resources
Experimental Ponds and Talofofo River (FitzGerald, 1975).

Pond 1 Pond 2 ' River

ma/ 1 mg/1 mg/ 1 mg/1 mg/1 - mg/ ]
Date Nitrate Phosphate Nitrate Phosphate Nitrate Phosphate
10/1/74 0.200 0.300 0.140 0.240 0.430 0.192
10/8/74 0.360 1.200 0.260 0.330 1.239 0.470
10/17/74 0.150 0.730 0.120  0.310 0.170 0.320
10/21/74 0.140 0.290 0.060 0.240 0.210 0.190
10/30/74 0.330  0.800 0.070 . 0.340 0.330 0.640
11/4/74 0.940 1.390 0.210 - 0.410 0.820 0.530
11/20/74 0.222 0.258 0.249 0.444 ~0.167 0.228
12/3/74 0.610 1.529 0.249 0.944 0.167 0.159
12/20/74 0.360 0.241 0.167 0.797 0.222 0.228
1/3/75 0.332 2.133 0.277 1.084 0.250 0.334
3/10/75 0.332 1.588 0.222 0.419 0.1 0.119
44775 0.279 0.719 0.580 0.211  0.049 |
5/4/75 1.387 2.280 1.218 0.419 0.775 0.089
n 13 13 13 13 13 13

X .434 1.035 .294 476 384 .273



water was pumped directly from the river. The data illustrates a reduction

of nutrients (nitrate and phosphate) in pond 2 as compared to pond 1.

PolTution Abatement

Various means of minimizing the impact of aguaculture effluents on
the environment are by trickle filters, sand filters, stabilization ponds,'
irrigation and spraying of crops. - |

Advanced waste treatment may be physical, biological, chemical or a
combination of these processes. Wastes from aqdacu]ture can be treated by
the same means as sewage waste water is handled. Biological secondary
| treatment is the most economical and most satisfactory means of'processing
waste water (Parker, 1975). Disposal sources of waste water include fresh

water, oceans, underground injection, land surface, and reuse.

Trickle Filters

Uti]izatioh of trickle filters would be restricted by ecpnomics to
sophisticated compact aquaculture systems such as hatcheries, racewayé,
and -systems where recyciing is used. A trickling filter makes use of a
natural cleansing system in which nitrification occurs by biclogical means
(biological oxidation process). It consists of a bed of inert material
(oyster shells, gravel, plastic material) on which an aerobic growth of
brganisms (algae, fungi, bacteria, protozoans, worms, and insect 1ar9ae)
grow. Waste effluent is trickled from above through the filter. Wastes
afe removed by the biological community within the filter. This type of
filter does not mechanically strain the effluent since the space between

the filter media is relatively large (45% of total filter volume) to



z11ow gaseous exchange and rapid flow. Factors influencing the ability of
the organisms in the film to assimilate the organic matter depends on

the flow rate, organic loading aerobic conditions, and temperature.

Sand Filters

and filters, especially slow sand filters, can be used in‘improving
the water quality of pond effluent. A sand filter consists of a layer of
sand 2-5 ft deep of 0.25 to 0.35 ml1 in effective size, underlain-by gravel.
Drainage is usually be perforated pipes laid under the gravel bed. Flow
of the water through the filter is by gravity. Mechanical and biological
cleansing of the effluent occurs within the filter. Flow rate is approxi-

mately 2.5 million gallons per acre of filter area per day. Higher flow

rates can be obtained with pretreatment of the effluent such as sedimentation.

¢

The upper layer of the filter after a period of operation (varying with the
effluent) must be scraped off to prevent excessive clogging and reduction
of the filter efficency. The filtered water can then be recycied to the
pond, which reduces its total requirement from the water supply, or it

can be drained to the receiving waters if reuse is not desfred.

Rapid sand filters require pretreatment of the pond effluent with
coagulants (e.g., aluminum sulfate, ferric chloride, ferric sulfate,
ferrous éu]fate, and sodium aluminate) and sedimentation. Flow rates
are 125 million gallons of water per acre of filter surface per day
(Ehlers and Steel, 1965). The filter media consists of a gradation in size
of sand (0.4-0.8 ml effective size) 20 to 30 inches (50 to 76 cm) thick
underiain by 16 to 24 inches (41 to 61 cm) of gravel (1/8 to 2 1/2 inch

diameter). The sand filter consists of a tank, the iniet, the underdrain
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system (perforated collecting pipes) filtering medium, rate of flow con-

trollers, and loss of head gauges.

Spfay Irrigafion

Spray irrigation systems are designed so they can take primary
treated waste water. The water can be taken directly from fish ponds or.a
stabilization pond. This means of disposing of the effluent is most suif—
able where agriculture crops and aquaculture are done together. The nutri-
ent enriched waters from the fish ponds serve as fertilization to the
agricuiture crops with no additional costs thus, best_utilizing the resources.
This would be a highly preferred method of effluent control from fish ponds.
Canal irrigation can be used to augment the spray irrigation for crops

for which this method would be preferable.

Stabilization Ponds (Oxidation Ponds)

The employment of stabilization bonds té effTuent from fish ponds,
prior to its discharge back to the receiving waters, can be an effective
meané of reducing BOD, nutrient levels, and suspended matter'to acceptable
EPA standards. The stabilization pond basically consists of an impoundment
of water (less than 5 ft deep) that is held for a period of time to allow
the breakdown of waste materials through biologicai processes and>a final
uptake of nutrients by algae. The period of holding varies with the BOD
Toading. A decreased holding period can be obtained by added ‘aeration
(mechanical) to the waters. Tsai (1975)_points out the efficiency of
using a final pond for effluents in general. In periods of water shortage

this water can then be recycled to the fish ponds.
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The basic concept behind the stabilization pond is that it allews
the suspended matter to settle; waste material is decompbsed and fed upon
by bacteria and zooplankton; sludges produced are degraded by faculative
anaerobes, including bacteria, protozoa, insects, and worms; nitrification
of ammonia wastes products, uptake of nitrates, carbon dioxide and other
plant nutrients is done by algae. The further addition of suitab1é fish
species can convert the algae and benthic fauna into a fina] marketable
product (helping to defer construction costs).

In areas where a large quantity of flat unutilized terrain, adjacent.
to the ponds, exists; it can serve as a simplified evapotranspiration system
along with a leaching field of the effluents. However, sincé land is usually

at a premium on Guam this would be .an uneconomical use of the land.

Wastewater Addition To Fish Ponds

The use of fish ponds in the purification of sewage water has been
noted by numerous authors (Schuster et.al., 1954; Schroeder, ]975; Schroeder
and Hepher, 19763 Woynarovich, 1976). Light loads of either organic-rich
raw sewage or nutrient-rich biological treatment (secondary) effluent can
be channeled through aquaculture systems which would essentially be an
extension of the waste treatment process and simultaneously derive an
. economic benefit. Limiting factors to the use of aqua¢u1ture,in wasﬁe
treatment would be the présence of toxic chemica1s, petroleum, metals,
and pathogenic organisms above an acceptable level. Properly treated
(filtered, settled, and diluted) sewage water that does not contain signif-
icant poisonous industrial pollutants is a suitable medium for fish

culture. Fish culture associated with duck, chicken, and pig rearing as
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the source of fertilization is common in countries throughout the world,
and is an effective solution to domestic animal waste management problems.
This is mainly an Asian fish culture practjce,~but is also a long pra;ticed
method in Europe (Bardach et. al., 1970; Woynarovich, 1976) and Israel
(Schroeder and Hepher, 1976); and is used on experimental bases in the United
States {Buck et.al., 1976). Odum (1974) also sites a study in Israel;

fish ponds serve as nutrient traps where most of the organic compounds

are either precipitated, lost to the atmosphere, bound by the sediments,

or tied up in fish filesh so that a minimum amount of nutrients leaves the
ponds. The amount of sewage that can'be put through a pond is determined

by maintaining the BOD level at a safe point to prevent oxygen depletion.
Daily rates of sewage addition can be inexcess of 1.5 tons/ha. These
sources of nutrients serve to enhance primary prodution along with a fauna
associated with eutrophic conditions. The mineralized portfon of the
manure provides nutrients to the phytoplankton while the non—mineranzéd
portion servés as a food base for zooplankton. This food source is in turn
utilized by the stocked fish population (usually Tilapia or carp);. Util-
ization of carp in the treatment of nutrient-enriched waste waters is prac-
ticed in Indonesia and Germany (Bardach et.al., 1970). The carp feed on
the natural productivity of the waters. Recent studies (Carpenter, 1974,
Coleman et.al., 1974; Goldschmidt, 1970; Schroeder, 1975) have indicated
that fish improve the waste treatﬁent capacity of pond systemsl Utilization
of fish ponds for this purpose on Guam is feasible. They also have been
used in effluent wastes from dairies, sugar mi]Ts, s]aughterthSes, and
starch mills. Part of pond ecology and proper ﬁanagement is the use of

© species to utilize excess food thus éffecting reduction of pollution,
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improvement of pond environment, and greater production. Yields ¢f fish
grown in such ponds, with no supplemental feeding, have been as high as

4000 kg/ha/year (Schuster et.al., 1954; Schroeder and Hepher, 1976).

PubTlic Health
Fish may serve as a passive carrier of infectious human diseases

such as Salmonella, Vibrio parahemolyticus, Shigella, or other enterobac-

teria (Janssen, 1970; Guelin, 1962; Buttiaux, 1962). The occurence of

these diseases from fish caught in polluted waters was noted by Shewan (1962).
However, the pathogens are confined to infecting the gut of fish (Allen,
Busch, and Morton, 1976), so that with proper precaution in preparation of
the fish this possible hazard could be eliminated. Thefe is danger of

introducing Schistosomiasis as had happened in the Caribbean (Odum, 1974).

With rapid air transport of Tive aquatic species from tropical areas the
survival chances of waterborne stages of flukes and other pathogens has
increased (Courtney and Robins, 1975). The limited knowledge in this area

(Sonstegard, 1975)will require further research as acuaculture expands.

Exotic Species
The introduction of exotic species for the purpose of aquaculture is
often & necéssity in establishing.a viable aquaculture industry; however,
andidate species for introduction should be carefully examined in regards
to their ecology, behavior, reproduction, and marketability. Indescriminate
introduction can lead to the detriment of the endemic species and_possibly
their elimination in addition to threats to estabTishéd culture species

(Allen, 1949; Frankenberg, 1966; Lanchner et.al., 1970; Buckow, 1969; ~
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Idy11, 1969).

Some detrimental effects that may result from the introduction of
exotic species are; reduced growth of introduced species due to less
favorabie environmental conditions than those found in their.indigenous
area, a popqlation explosion of the introduced species leading to competion
with, and possible é]imination of native species, introduction of new
pests, diseases, and parasites harmful to resident species, and destruc-
tive activitities of the introduced species affecting other fields of

economic interest (e.g., common carp in the U.S.) (Rosenthal, 1976).
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ROLE OF AQUATIC AND WILDLIFE RESOURCES

The Division of Aquatic and Wildlife Resources should continue to
play an instrumental part of the deve]opmeht and support of an aquaculture
industry on Guam. Aquatic and Wildlife Resources initiated investigation
into the prospects of aquaculture én Guam in i973. The initial phase of
the program dealt with the investigation into feasible species for culture
on Guam with experimental-demonstration.bonds located on the Talefofo
River. The second phése consisted of assisting in the establishment of
commercial ponds with extension service provided to the entrepreneur.

This is continued into the present program with the addition of the pursuit
in establishment of a hatchery on Guam, so that Guam can become se]f;
sufficient in production of the major cultured species juveniles.

A1l importation of live fish (including crustaceans and turtles)
requireé a permit which is issued by Aguatic and Wildlife Resources. Ship-
" ment of species from foreign countries (outside U.S. and T.T) requires,
in addition to the Aquatic and Wildlife Resources permit, a permit issued
by the Federal Fish and Wildlife Service for some species. This system
is intepded to screen out the introduction of undesireable species and
species originating from countries that have a high disease occurence or
the presence of a disease that does not occur on Guam that might be carried
by the introduced species. This also can restrict importation of species
that might be detrimental to established aquaculture species.

The introduction of a large number of exotic species to Guam would
bz il1-advised; howeVer, tne major species that will be most éuitab1e for

aquaculture will be exotic to Guam. The utilization of species which have



49

proven their success as a culturable species should have priority for
examination of their potential on Guam. This Usua11y invo]ves an extensive
degree of technical and practical knowledge available oh a species cu]fure
and careful selection weighing all the pro and con arguments both concern-
ing its economic and biological impact. This requlatory and research func-
tion will have to be mainly fullfilled by the Aguatic and wi1d1ffe Resources
Division. However, an interagency screening committee consisting of the
Guam Environmental Protection Agency, University of Guam Marine Laboratory,
and Aquatic and Wildlife Resources, should be formed to réview'a]T new
introductions. | |

“For the aid in inforcement of an affective envircnmental protection
program the Aquatic and Wildlife Resources should keep the Guam Envifon—
mental Protection Agency aware of scheddled large discharges (e.qg., during
harvest). This allows for fhe proper monitofing of effluents. Iﬁ addition,
Aquatic and Wildlife Resources should oversee application of toxic sub-
stances to fish ponds for the purpose of elimination of pest species.
~Potential farmers should Ee advised of reduirements and permits required
~from other agencies. The construction of the aquaculture faciiifieﬁ shouid
be observed by Aquatic and Wildlife Resources along with other appropriate
governmental agencies to assure that excessive abuse of the environment
does not occur.

Aquatic and Wildlife Resources in conjunction with the Public Health
Department, should screen all imported aquatic species coming from areaé
that infectious diseases can be carried by fish (fish or human pathogens).
This could consist of impounding in concrete tanks and treating with proper

prophylatic drugs. Specimens that are obviously diseaéed should be destroyed.
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If Tocal facilities were available for the propagation of these preferréd
culture species then this would eliminate the need for importation and its

possible accompanying health problems.



CONCLUSION

Guam has the climatic and physical conditions fof the development of
a diverse and productive aquaculture industry. This potentia], needs to
be recognized by both governmental agencies and private entrepreneurs, so
that proper and well-planned development can proceed;

A state program should be drawn up to cover the development of aqua-
éu]ture and its supportive facilities (laws, policies, and administrative
procedures) to encourage its development. In addition, the over—Seeing
of environmental protection measures should be-realistically enforced to
prevent abusive use of Guam's waters. Decisive effort is needed to put
into operation a viable aquaculture program that is cons§1idated into a
workable industry that will attract the businessman/farmer into this new
industry on Guam. | |

The governmental agencies involved in this formation of a State program
should be limited to those directly concerned with the functional operation
of an aquaculture industry, thus preventing an over diversification of

authority, which would hinder development.
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Figure 1. Map of Guam showing areas having suitable terrain and soil type
for aquaculture. The uncircled number indicates the soil type, while
the circled number corresponds to the paticular site Tisted in Table 1.
Major marine sites suitable for mariculture are also indicated. Refer
to text for further details.

Legend: Soil Types (Tracey et.a.., 1959)
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!

Toto Clay: Brown to pale-yeliow, firm plastic, slowly permeable,
acid clay with reddish stains {Grumusol); ranges 5 to 30 feet in
depth and averages 10 to 20 feet; has very high shrinkage and ex-
pansion (large cracks in dry season; depressions ponded in wet
season); prevailing surface gradient 1 to 8 percent.

Chacha-Saipan Clays: Yellowish-brown, firm clay (Chacha), and red,
firm clay (Saipan); neutral to acid reaction; Latosolic intergrades.
These soils with concave survaces they are 10 to 60 feet deep; pre-
vailing surface gradient 1 to 8 percent.

Atate-Agat Clay: Remnant benches or small mesas of an old red, gran-.
ular, porous, acid Latosol (Atate clay) with deep, reddish, mottled,
plastic to too hard clay C horizon, pale yellow, olive, or gray in
Tower part; and its truncated counterpart (Agat clay) with similtar
C horizon of saprolitic clay, ranging in depth from a few feet to
about 100 feet and averaging about 50 feet; prevailing surface
gradient of Atate clay is 1 to 8 percent, and of Agat clay 8 to
15 percent. :

Pago Clay: Brownish, granular to firm and plastic Alluvial clay,
with gray mottling to within 24 to 30 inches of the surface; gen-
erally alkaline to neutral; soil depth is generally more than 10
and less than 150 feet; moderately well drained; subject to occa-
sional flooding; prevailing surface gradient 1 to 3 percent.

Inarajan Clay: Similar to Pago clay but Tower, wetter, and shal-
lower (thins out on coastal sands and bedrock):; water table at or
near the surface (within 30 inches) most of the time: poor drain-
age mottlings (gray) within 6 to 12 inches of the surface; depth
to sand or bedrock ranges from 3 to 25 or more feet; reaction is
alkaline in water saturated zone; poorly drained; frequently flood- -
ed; prevailing surface gradient 0 to 1 percent.

Muck: Black to brown, soft muck and peat, with some clay and silt;
depth to underlying material {(chiefly limesand or shelly clay) _
ranges from 3 to 20 feet, averages 5 to 10 feet; alkaline reaction
below the water table, which is generally at or near the -surface;
prevailing surface gradient is level or very nearly level.






